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METHOD TO FORM BUMP IN BUMPING
TECHNOLOGY

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The 1nvention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of form-
ing solder bumps whereby plating 1s used to create Under

Ball Metallurgy and printing 1s used for creating the solder
ball.

(2) Description of the Prior Art

The present invention addresses a method of forming an
clectrical mterconnection and, more particularly, a method
of forming an interconnect bump. The method of the present
invention can be used for the creation of electrical contacts
on the surface of semiconductor devices but 1s not limited to
such applications. The method of the present invention can
equally be applied to form raised electrical contacts on
semiconductor substrates, printed circuit boards, flex cir-
cuits or a metallized or glass substrate or semiconductor
device mounting support. In its present form the method of
the 1nvention 1s most favorably applied to the creation of
clevated points of electrical contact on the surface of semi-
conductor devices since this 1s the application where small
size contact points with a diameter of 50 microns or less are
of most benefit.

Past methods of forming electrical interconnects by form-
ing elevated regions on a semiconductor surface used meth-
ods of electroplating or methods of screen-printing.

For the method of screen printing, where 1t 1s the objective
to form elevated points of electrical contact on a semicon-
ductor surface, a dry photoresist mask (referred to as a solder
mask) is laminated over the semiconductor surface and
patterned. The dry photoresist mask 1s left 1n place on the
semiconductor surface where no elevated points of electrical
contact are to be created, exposing the points of electrical
contact over which the elevated points of electrical contact
are to be created. A screen 1s used through which solder paste
or flux 1s deposited onto the semiconductor surface where
the elevated contact points are to be created, after which the
bumps can be formed for electrical interconnect. The
method of screen-printing 1s most typically used to create
points of electrical contact (bumps) that have a diameter in
excess of 100 microns. For device dimensions where smaller
diameter bumps are required, another method must be
provided that allows for the creation of smaller diameter
bumps. For the dry resist method, the minimum thickness of
the layer of dry photoresist 1s in the range of 75 to 100
microns, making 1t difficult to obtain openings of small
diameter in the (relatively) thick layer of dry photoresist. For
the application of the dry resist 1n the creation of bumps on
the surface of a circuit board, the dry resist method has, up
to this point, served its purpose. Where however smaller
geometries are used, such as on the surface of a semicon-
ductor device, the dry resist method does not provide for an
interconnect bump with a small enough diameter. In
addition, dry resist layers are difficult to apply and adhere to
the surface of semiconductor substrates. The method of dry
resist lamination can be further extended to create metal
layers on the exposed portions of the underlying semicon-
ductor surface by methods of electroplating. This too how-
ever runs 1nto problems where small geometries are required
for the to be created elevated point of electrical contact.

Other methods have been used to create the required
pattern to form interconnect bumps. These methods have as
objective to create, at the point where the interconnect bump
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has to be created, a surface that lends 1tself to this creation
such as a surface containing a solderable material or a
conductive polymer of a solder flux. A metal mask 1s for this
purpose Ifrequently used to shield areas, where no intercon-
nect bumps are to be created, from the deposition of such
materials. The metal mask presents problems of size limi-
tations because the openmings that can be created in the
surface of the metal mask cannot be created small enough
such that small enough diameter interconnect bumps can be
created. In addition, masking techniques invariably present
problems of alignment, these problems are further aggra-
vated where very small geometries are required or where a
dense pattern of interconnect bumps 1s to be created.

FIG. 1 shows an example of one of the methods that 1s
used to create an interconnect bump. A semiconductor
surface 10 has been provided with a metal contact pad 14,
the semiconductor surface 10 is protected with a layer 12 of
passivation. An opening 11 has been created 1n the layer 12
of passivation, the surface of the metal contact pad 12 is
exposed through this opening 11. Next, FIG. 2, a dielectric
layer 16 1s deposited over the surface of the layer 12 of
passivation, the layer 16 of dielectric 1s patterned and etched
creating an opening 13 in the layer 16 of diclectric that
aligns with the metal pad 14 and that partially exposes the
surface of the metal pad 14. A layer 18 of metal, typically
UBM, 1s created over the layer 16 of dielectric, layer 18 of
metal 1s in contact with the surface of the metal pad 14 inside
opening 13. The region of layer 18 of metal that 1s geo-
metrically above the metal pad 14 will, at a later point 1n the
processing, form a pedestal over which the interconnect
bump will be formed. This pedestal can be further extended
1n a vertical direction by the deposition and patterning of one
or more additional layers that may contain a photoresist or
a dielectric material, these additional layers are not shown 1n
FIG. 1. These layers essentially have the shape of layer 16
and are removed as one of the final processing steps that 1s
applied for the formation of the interconnect bump.

A layer 20 of metal such as copper, FIG. 3, that forms an
integral part of the to be created interconnect bump, 1s next
clectroplated on the surface of the layer 18 of metal,
whereby the layer 18 serves as the lower electrode during the
plating process. The final layer 22 of solder 1s electroplated
on the surface of layer 20.

The layer 18 of metal 1s next etched, FIG. 4, leaving 1n
place only the pedestal for the interconnect bump. During
this etch process the deposited layers 20 and 22 serve as a
mask. If, as indicated above, additional layers of dielectric
or photoresist have been deposited for the further shaping of
pedestal 18 1n FIG. 4, these layers are also removed at this
time.

A solder paste or flux 1s now applied to the layer 22 of
solder, the solder 22 1s melted 1n a reflow surface typically
under a nitrogen atmosphere, creating the spherically shaped
interconnect bump 22 that 1s shown 1 FIG. 4.

The above processing steps are 1n many of the applica-
tions of the indicated process augmented by processing steps
of curing and pre-baking 1n order to improve hardness and
other desirable performance parameters of the various layers
that are used for the processing sequence that has been
described 1 FIGS. 1 through 4. For instance, a layer of
photoresist that 1s used as part of the processing sequence
can be pre-baked prior to the exposure and etching of the
photoresist layer. These steps have not been included 1n the
above description for reasons of simplicity of description.

In addition to the above indicated additional layers of
dielectric or photoresist that can be used to further shape the
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pedestal of the mnterconnect bump, many of the applications
that are aimed at creating interconnect bumps make use of
layers of metal that serve as barrier layers or that have other
specific purposes, such as the improvement of adhesion of
the various overlying layers or the prevention of diffusion of
materials between adjacent layers. These layers collectively
form layer 18 of FIG. 2 and have, as 1s clear from the above,
an ecifect on the shape of the completed bump and are
therefore frequently referred to as Ball Limiting Metal
(BLM) layer. Frequently used BLLM layers are successive
and overlying layers of chrome, copper and gold, whereby
the chrome 1s used to enhance adhesion with an underlying
aluminum contact pad, the copper layer serves to prevent
diffusion of solder materials into underlying layers while the
oold layer serves to prevent oxidation of the surface of the

copper layer. The BLM layer 1s represented by layer 18 of
FIGS. 2 through 4.

The following paragraphs will provide further details
relating to the technologies of electroplating and evaporation
as they apply to the processes of forming interconnect
bumps.

The method of electroplating follows the processing steps
of (over the surface of a substrate wherein a point of
clectrical contact, typically containing aluminum, has been
provided, all steps of processing being centered around this
point of electrical contact) depositing a layer of polyimide
and etching an opening 1n this layer of polyimide that aligns
with the point of contact, depositing (by vacuum
evaporation) a layer of Under Bump Metallurgy (UBM, also
referred to as Ball Limiting Metallurgy or BLM) over the
layer of poly including the opening created in the layer of
poly. A layer of photoresist 1s deposited over the layer of
UBM and patterned, creating an opening in the layer of
photoresist that aligns with that part of the layer of UBM that
remains 1n place under the to be created solder bump. Next
a layer of metal (typically copper) is electroplated over the
layer of photoresist whereby the layer of UBM serves as the
common electrode for the electroplating process, the elec-
troplated metal 1s 1n contact with the layer of UBM. A layer
of solder 1s next plated over the layer of electroplated metal.
The layer of electroplated metal 1s centered on the opening
that has been created in the layer of photoresist, as i1s the
layer of plated solder. The photoresist 1s removed using the
solder bump as a mask, the layer of UBM 1s selectively
ctched and removed where this layer does not underlie the
to be created solder bump 1n order to electrically isolate
adjacent solder bumps from each other. The critical step of
the process 1s performed as a final step, whereby a flux 1s
applied to the plated solder and the solder 1s melted 1n a
reflow furnace under a nitrogen atmosphere, creating a
spherically shaped solder bump. The above summarized
processing steps of electroplating that are used for the
creation of a solder bump are supplemented by the step of
curing or pre-baking of the layer of photoresist after this
layer has been deposited over the layer of UBM.

The process of evaporation also starts with a semicon-
ductor surface whereimn a metal point of contact has been
provided. A layer of passivation 1s deposited and patterned,
creating an opening in the layer of passivation that aligns
with the metal point of contact. A layer of UBM (this layer
may be a composite layer of metal such as chromium
followed by copper followed by gold 1n order to promote
(with chromium) improved adhesion and to form a diffusion
barrier layer or to prevent oxidation (the gold over the
copper)) is formed over the layer of passivation and inside
the opening created 1n the layer of passivation. Solder 1s next
selectively plated over the deposited layer of UBM and
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melted 1n a solder reflow surface 1n a hydrogen ambient for
solder reflow, 1n this manner forming the spherically shaped
solder bumps.

U.S. Pat. No. 6,057,168 (Seyama et al.) shows a bump
process using print screening.

U.S. Pat. No. 5,946,590 (Satoh) shows (in the prior art
section) a plating process for bump.

U.S. Pat. No. 5,863,12 (Manteghi) shows a screening
printing process for a solder mask for a bump.

U.S. Pat. No. 5,468,655 (Greer) shows a metal paste used
In a bump process.

U.S. Pat. No. 5,587,342 (Lin et al.) shows a conductive
paste bump process.

U.S. Pat. No. 5,607,099 (Yeh et al.) and U.S. Pat. No.
5,933,752 (Yanagida) show related processes.

SUMMARY OF THE INVENTION

A principle objective of the 1nvention is to provide a cost
reduced method of creating interconnect bumps.

Another objective of the mvention 1s to provide a process
for creating 1nterconnect bumps that allows for the creation
of very fine pitch interconnect bumps.

Yet another objective of the invention 1s to provide a
process for creating interconnect bumps that eliminates the
expense that 1s mncurred using processes of electroplating for
the creation of interconnect bumps.

A still further objective of the mvention is to provide a
process for creating interconnect bumps that eliminates the
disadvantage that i1s incurred when using screen printing
techniques of not being able to create very fine pitch
interconnect bumps.

A still further objective of the mvention is to provide a
method for creating interconnect bumps that applies meth-
ods of Under Ball Technology and screen printing for the
creation of interconnect bumps.

In accordance with the objectives of the invention, a new
method and processing sequence 1s provided for the creation
of interconnect bumps. A layer of passivation 1s deposited
over a contact pad and patterned, creating an opening in the
layer of passivation that aligns with the contact pad. A layer
of UBM metal 1s deposited over the layer of passivation, the
layer of UBM 1s overlying the contact pad and limited to the
immediate surroundings of the contact pad. The central
surface of the layer of UBM 1s selectively electroplated after
which a layer of solder or solder alloy 1s solder printed over
the electroplated surface of the layer of UBM. A solder flux
or paste 1s applied over the surface of the solder printed
solder compound or solder alloy. Flowing of the solder or
solder alloy creates the solder bump of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 through 4 show a cross section of a prior art
processing sequence to form interconnect bumps, as fol-
lows:

FIG. 1 shows a cross section of a semiconductor surface
on the surface of which a contact pad has been created, the
semiconductor surface 1s covered with a patterned layer of
passivation.

FIG. 2 shows the cross section of FIG. 1 after a patterned
layer of dielectric and a layer of metal have been created on
the semiconductor surface.

FIG. 3 shows a cross section of FIG. 2 after a layer of
interconnect metal and a layer of solder compound have
been deposited.



US 6,426,281 B1

S

FIG. 4 show a cross section after excess layers have been
removed from the semiconductor surface and after the solder
has been flowed forming the interconnect bump.

FIGS. § through 10 show a conventional processing
sequence of creating a solder bump, as follows:

FIG. § shows a cross section of a semiconductor surface
on which a contact pad has been provided, a layer of
passivation has been deposited over the semiconductor
surface and has been patterned and etched, partially expos-
ing the surface of the aluminum pad. In-situ sputter clean has
been performed of the exposed surface of the contact pad. A
seed layer (not shown in FIG. §) has been blanket deposited
over the surface of the layer of passivation, including the
exposed surface of the contact pad, a film of Under Ball
Metallurgy has been blanket deposited over the seed layer.

FIG. 6 shows the cross section of FIG. § after a layer of
photoresist has been deposited over the semiconductor sur-
face and has been patterned and etched, exposing the surface
of the layer of UBM overlying the contact pad where the
interconnect bump 1s to be formec

FIG. 7 shows the cross section of FIG. 6 after the exposed
surface of UBM has been electro plated.

FIG. 8 shows the cross section of FIG. 6 after the
patterned layer of photoresist has been stripped from the
semiconductor surface.

FIG. 9 shows a cross section after a solder alloy has been
plated over the surface of the UBM layer.

FIG. 10 shows a cross section after the reflow of the solder
alloy has been performed, forming an interconnect bump.

FIGS. 11 through 17 show processing steps of the
mvention, as follows:

FIG. 11 shows a cross section of a surface with a contact
pad over which a layer of passivation has been deposited,
patterned and etched, a layer of UBM has been deposited
over the etched layer of passivation, a first layer of photo-
resist has been deposited and patterned and etched 1n prepa-
ration for the etching of the layer of UBM.

FIG. 12 shows a cross section after the layers of UBM and
passivation have been etched and the first layer of photore-
sist has been removed.

FIG. 13 shows a cross section after a second layer of
photoresist has been deposited and patterned, creating an
opening in the deposited layer of photoresist that aligns with
the contact pad.

FIG. 14 shows a cross section after a layer of copper and
a layer of nickel have been deposited on the bottom of the
opening that has been created 1n the second layer of photo-
resist.

FIG. 15 shows a cross section after the opening in the
second layer of photoresist has been filled with a solder
compound.

FIG. 16 shows a cross section after the patterned second
layer of photoresist has been removed.

FIG. 17 shows a cross section after the deposited solder
compound has been flowed, creating a solder bump overly-
ing the contact pad.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now specifically to FIG. §, there 1s shown a

cross section of a semiconductor surface 30 on which:

a contact pad 32 has been provided

a layer 34 of passivation has been deposited over the
semiconductor surface 30 and has been patterned and
etched partially exposing the surface of the aluminum pad
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in-situ sputter clean has been performed of the exposed
surface of the contact pad (not shown in FIG. 5)

a seed layer (not shown in FIG. §) has been blanket
deposited over the surface of the layer 34 of passivation
including the exposed surface of the contact pad 32, and

a film 36 of Under Ball Metallurgy has been blanket
deposited over the seed layer.

Layer 30 1s the surface of a sesmiconductor layer, a contact
pad 32 has been created on surface 30. Surface 30 will
typically be the surface of a semiconductor substrate, the
surface of an mterconnect substrate and the like. A contact
pad 32 has been created on surface 30, electrical contact
must be established with contact pad 32 by means of an
overlying solder bump. Contact pad 32 serves as interface
between the solder bump and electrical interconnects that
are provided 1 the surface of layer 30.

A layer 34. of passivation that may, for instance, contain
Plasma Enhanced silicon nitride (PE SizN,), is deposited
over the surface of layer 30 and of contact pad 32.

Insulating/passivation layers such as silicon oxide and
oxygen-containing polymers are deposited over the surface
of various layers of conducting lines in a semiconductor
device or substrate to separate the conductive interconnect
lines from each other, the 1nsulating layers can be deposited
using Chemical Vapor Deposition (CVD) techniques. The
insulating layers are deposited over patterned layers of
interconnecting lines where electrical contact between suc-
cessive layers of interconnecting lines 1s established with
metal vias created for this purpose 1n the 1nsulating layers.
Electrical contact to the chip i1s typically established by
means of bonding pads or contact pads that form electrical
interfaces with patterned levels of interconnecting metal
lines. Signal lines and power/eround lines can be connected
to the bonding pads or contact pads. After the bonding pads
or contact pads have been created on the surfaces of the chip
package, the bonding pads or contact pads are passivated
and electrically insulated by the deposition of a passivation
layer over the surface of the bonding pads. A passivation
layer can contain silicon oxide/silicon nitride (S10,/Si;N,)
deposited by CVD. The passivation layer 1s patterned and
ctched to create openings in the passivation layer for the
bonding pads or contact pads after which a second and
relatively thick passivation layer can be deposited for further
insulation and protection of the surface of the chips from
moisture and other contaminants and from mechanical dam-
age during assembling of the chips.

Various materials have found application 1n the creation
of passivation layers. Passivation layer can contain silicon
oxide/silicon nitride (S10,/Si;N,) deposited by CVD, a
passivation layer can be a layer of photosensitive polyimide
or can comprise titanium nitride. Another material often
used for a passivation layer 1s phosphorous doped silicon
dioxide that 1s typically deposited over a final layer of
aluminum 1nterconnect using a Low Temperature CVD
process. In recent years, photosensitive polyimide has fre-
quently been used for the creation of passivation layers.
Conventional polyimides have a number of attractive char-
acteristics for their application 1n a semiconductor device
structure, which have been highlighted above. Photosensi-
five polyimides have these same characteristics but can, in
addition, be patterned like a photoresist mask and can, after
patterning and etching, remain on the surface on which it has
been deposited to serve as a passivation layer. Typically and
to 1improve surface adhesion and tension reduction, a pre-
cursor layer 1s first deposited by, for example, conventional
photoresist spin coating. The precursor is, after a low
temperature pre-bake, exposed using, for example, a step
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and repeat projection aligner and Ultra Violet (UV) light as
a light source. The portions of the precursor that have been
exposed 1n this manner are cross-linked, thereby leaving
unexposed regions (that are not cross-linked) over the bond-
ing pads. During subsequent development, the unexposed
polyimide precursor layer (over the bonding pads) is
dissolved, thereby providing openings over the bonding
pads. A final step of thermal curing leaves a permanent high
quality passivation layer of polyimide over the substrate.

The preferred material of the mnvention for the deposition
of layer 34 of passivation 1s Plasma Enhanced silicon nitride
(PE Si,N,), deposited using PECVD technology at a tem-
perature between about 350 and 450 degrees C. with a
pressure of between about 2.0 and 2.8 Torr for the duration
between about 8 and 12 seconds. Layer 34 of PE S1;N, can
be deposited to a thickness between about 200 and 800
Angstrom.

Layer 34 of PE Si;N, 1s next patterned and etched to
create an opening 1n the layer 34 that overlays and aligns
with the underlying contact pad 32.

The etching of layer 34 can use Ar/CF, as an etchant at a
temperature of between about 120 and 160 degrees C. and
a pressure of between about 0.30 and 0.40 Torr for a time of
between about 33 and 39 seconds using a dry etch process.

The etching of layer 34 can also use He/NF; as an etchant
at a temperature of between about 80 and 100 degrees C. and
a pressure of between about 1.20 and 1.30 Torr for a time of
between about 20 and 30 seconds using a dry etch process.

For the 1n-situ sputter clean, a sputter 1on milling tool can
be used using Ar mixed with H, as a cleaning agent (sputter
source).

For the seed layer that 1s blanket deposited over the
surface of the layer 34 of passivation, including the exposed
surface of the contact pad 32, any of the conventional
metallic seed materials can be used. The metallic seed layer
can be deposited using a sputter chamber or an Ion Metal
Plasma (IMP) chamber at a temperature of between about 0
and 300 degrees C. and a pressure of between about 1 and
100 mTorr, using (for instance) copper or a copper alloy as
the source (as highlighted above) at a flow rate of between
about 10 and 400 sccm and using argon as an ambient gas.

Layer 36 of UBM has been deposited by vacuum
evaporation, this layer 1s as yet to be patterned and etched.
Layer 36 may, as previously indicated, contain multiple
layers of metal such as the previously cited layers of chrome,
followed by a layer of copper, followed by a layer of gold.

FIG. 6 shows the cross section of the semiconductor
surface 30 after a layer 38 of photoresist has been deposited
over the layer 36 of UBM and has been patterned and etched,
creating opening 40 1 the layer 38 of photoresist, partially
exposing the surface of the layer 36 of UBM overlying the
contact pad 32 where the mterconnect bump 1s to be formed.

Layer 38 of photoresist can be deposited to a thickness of
between about 2000 and 8000 Angstrom. The methods used
for the deposition and development of the layer 38 of
photoresist apply conventional methods of photolithogra-
phy. Photolithography 1s a common approach wherein pat-
terned layers are usually formed by spinning on a layer of
photoresist, projecting light through a photomask with the
desired pattern onto the photoresist to expose the photoresist
to the pattern, developing the photoresist, washing off the
undeveloped photoresist, and plasma etching to clean out the
arcas where the photoresist has been washed away. The
exposed resist may be rendered insoluble (positive-working)
and form the pattern, or insoluble (negative working) and be
washed away.

The layer 38 of photoresist will, after patterning and
etching, remain in place 1n an area above the aluminum pad
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32 that surrounds the pad 32 and that 1s adjacent to the pad
32. The deposited layer 38 of photoresist can, prior to
patterning and etching, be cured or pre-baked further hard-
ening the surface of the layer of photoresist.
Layer 38 of photoresist can be etched by applying O,
plasma and then wet stripping by using H,SO,, H,O, and
NH,OH solution. Sulfuric acid (H,SO,) and mixtures of
H,SO, with other oxidizing agents such as hydrogen per-
oxide (H,O,) are widely used in stripping photoresist after
the photoresist has been stripped by other means. Waters to
be stripped can be immersed 1n the mixture at a temperature
between about 100 degrees C. and about 150 degrees C. for
5 to 10 minutes and then subjected to a thorough cleaning
with deionized water and dried by dry nitrogen. Inorganic
resist strippers, such as the sulfuric acid mixtures, are very
ciiective 1n the residual free removal of highly postbaked
resist. They are more effective than organic strippers and the
longer the immersion time, the cleaner and more residue free
waler surface can be obtained.
The photoresist layer 38 can also be partially removed
using plasma oxygen ashing and careful wet clean. The
oxygen plasma ashing is heating the photoresist in a highly
oxidized environment, such as an oxygen plasma, thereby
converting the photoresist to an easily removed ash. The
oxygen plasma ashing can be followed by a native oxide dip
for 90 seconds 1n a 200:1 diluted solution of hydrofluoric
acid.
FIG. 7 shows a cross section of the semiconductor surface
30 after the exposed surface of layer 36 of UBM, that 1s
surface of layer 36 of UBM that 1s exposed 1nside opening
40, has been electro plated using Cu/Ni as a source creating
a layer 39 of electroplated Cu/N1 overlying the layer 36 of
UBM, layer 39 1s bounded by the etched layer 38 of
photoresist. This process of electroplating 1s a pre-cursor to
the processing step of depositing solder alloys over the
surface of the layer of UBM. During the process of the
clectroplating, the layer 36 of UBM serves as the cathode of
the plating tool.
FIG. 8 shows the cross section of the semiconductor
surface after the patterned layer 38 of photoresist has been
stripped from the surface of the layer 36 of UBM. The
previously highlighted processing conditions for the
removal of photoresist can be equally applied to the strip-
ping of the photoresist that 1s shown 1 FIG. 8, these
conditions therefore do not need to be further highlighted at
this time.
FIG. 9 shows a cross section of the semiconductor surface
30 after a layer 42 that comprises any of the available solder
materials or their alloys has been plated to the surface of the
clectroplated layer 36 of UBM. After this solder layer 42 has
been created on the surface of the layer 36 of UBM, the layer
36 of UBM 1s etched using the created layer 42 of solder as
a mask, see FIG. 9. Standard RIE procedures, using Cl,—
BCl,; as etchant, can be used to etch the layer 36 of UBM.
As cost advantages of the mvention can be cited:
the material cost that 1s incurred when plating 1s about 5 to
10 times higher than the material cost that 1s 1ncurred
when printing
the equipment cost of plating 1s about 2 to 6 times higher
than the equipment cost of printing

it can be stated as a general observation that the throughput
printing process 1s considerably higher than the through-
put of the plating process. Actual comparisons of differ-
ences 1n throughput are dependent on specific equipment
design which may vary from application to application.

A flux 1s next applied to the solder layer 42 and the solder
1s melted 1n a reflow surface under a nitrogen atmosphere,
forming the spherically shaped solder bump 44 that 1s shown

in FIG. 10.




US 6,426,281 B1

9

The processing conditions that have been detailed up to
this point under FIGS. 6 through 10 are partially applied
during the processing sequence of the invention and are
therefore not repeated 1n detail under the following descrip-
fion of the processing sequence of the invention. The pro-
cessing sequence of the invention applies the processing
steps that have been highlighted under FIG. 5, all conditions
that have previously been highlighted for this figure there-
fore apply to the processing sequence of the invention.
Preceding FIG. 11, it 1s therefore assumed that the process-
ing steps that lead up to the cross section that 1s shown 1n
FIG. § have been performed as part of the processing
sequence of the invention. To summarize, FIG. 11 shows the
stage 1n the processing sequence of the invention where:

a semiconductor surface 30 has been provided, a contact pad

32 1s present 1n the surface of the semiconductor surface
a layer 34 of passivation has been deposited over the

semiconductor surface 30, including the surface of the

contact pad 32, and has been patterned and etched par-

tially exposing the surface of the contact pad 32
in-situ sputter clean has been performed of the exposed

surface of the contact pad 32
a Under Ball Metallurgy (UBM) layer 36, comprising a

barrier layer of titantum over which a seed layer of

copper, has been blanket deposited over the surface of the
layer 34 of passivation including the exposed surface of
the contact pad 32, and

a first layer 47 of photoresist has been deposited over the
surface of UBM layer 36, this layer 47 of photoresist 1s
patterned and etched leaving in place a layer 47 of
photoresist that aligns with the contact pad 32, protecting

the layer of UBM that 1s overlaying the contact pad 32.

This protection allows for the removal of the layers of

UBM and passivation where these layers do not overly the

contact pad 32.

FIG. 12 shows a cross section of the semiconductor
surface 30 after the etching of the layer 36 of UBM and the
layer 34 of passivation have been performed. The patterned
layer 47 of photoresist 1s removed from the surface, leaving
in place the patterned layer 36 of UBM, the patterned layer
34 of passivation and the contact pad 32 (FIG. 12). The etch
of layer 36 of UBM removes the UBM layer from areas over
the semiconductor surface 30 that surround the contact pad
32 and from between adjacent contact pads. This etch 1s
required to. prevent electrical shorts between adjacent con-
tact pads.

The following steps of the mnvention form a layer of base
metal, overlying the created layer of UBM, on which the
solder bump of the imvention 1s to be formed. For this
purpose, a second layer 49 of photoresist, FIG. 13, 1s
deposited over the semiconductor surface 30 including the
patterned layers 36 and 34 of UBM and passivation respec-
fively. Opening 51 1s created in the layer 49 of photoresist,
opening 51 aligns with the contact pad 32, and has a bottom
over which the surface of the UBM layer 36 1s partially
exposed.

FIG. 14 shows how, after opening 51 has been created in
layer 49. of photoresist, layers 46 and 48 of respectively
copper and titanium are deposited (plated) over the partially
exposed surface of the UBM layer 36 and within the
boundaries of opening 51. These layers 46 (Cu) and 48 (i)
are plated over the bottom of opening 48 using conventional
methods of electroplating. The layer 49 of photoresist par-
fially protects the layer 36 of UBM, eclectroplating of the
partially exposed surface of the layer 36 of UBM will
therefore take place only over the bottom of opening 51.
These layers 46 and 48 form base layers over which, as a
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next step 1n the process of the invention, a layer 50, FIG. 15,
of solder 1s created. The process for the creation of this layer
50 of solder uses solder printing techniques.

The deposited layer 50 of solder compound 1s baked,
solidifying the deposited solder 50 after which the patterned
second layer 49 of photoresist 1s removed using conven-
tional methods. This leads to the cross section that 1s shown
i FIG. 16. After this cross section has been created, the
deposited solder 1s ready for solder reflow, the results of
which are shown 1n FIG. 17 1n cross section.

It 1s cleat that the process of the mmvention uses, for the
creation of the opening that overlays the contact pad, meth-
ods of photolithography and not, as in the convention
processing sequence (FIGS. 5 through 10) methods of
screen printing. From this, the advantages that can be gained
by the process of the 1nvention are immediately clear 1n that
a considerably finer pitch opening (using photolithographic
methods) can be obtained and, as a consequence, the making,
of solder bumps using the processing sequence of the
invention, leads 1itself to being applied for devices with
sub-micron device features. Methods of screen-printing do
not lend themselves to achieving extreme fine pitch solder
bumps, a requirement that becomes ever more urgent with
continued micro miniaturization.

Screen-printing uses stencil which 1s similar to using a
metal mask, that 1s a stainless steel plate 1n which a large
number of openings have been created. Screen-printing can
therefore not be applied for the creation of very small pitch
solder bumps because the openings that have been provided
in the metal mask cannot be very small.

Although the invention has been described and 1llustrated
with reference to specific illustrative embodiments thereof,
it 1s not intended that the invention be limited to those
illustrative embodiments. Those skilled 1n the art will rec-
ognize that variations and modifications can be made with-
out departing from the spirit of the imnvention. It 1s therefore
intended to 1nclude within the mvention all such variations
and modifications which fall within the scope of the
appended claims and equivalents thereof.

What 1s claimed 1s:

1. A method for formmg a bump on a semiconductor
surface, a contact pad having been provided on said semi-
conductor surface, comprising;:

depositing a layer of passivation over said semiconductor
surface including the surface of said contact pad;

patterning and etching said layer of passivation, creating
an opening 1n said layer of passivation having a first
diameter, partially exposing the surface of said contact
pad over a surface area of said first diameter;

performing an 1n-situ sputter clean of the exposed surface
of the contact pad;

plating a layer of Under Bump Metallurgy (UBM) over
the surface of said layer of passivation, including said
partially exposed surface of said contact pad, said layer
of UBM comprising a barrier layer of titanium over
which a seed layer of copper 1s deposited;

depositing a first layer of photoresist over the semicon-
ductor surface of the layer of UBM;

patterning and etching said first layer of photoresist,
leaving 1n place a layer of first photoresist that is
aligned with said contact pad, partially exposing the
surface of said layer of UBM;

ctching said layer of UBM and said layer of passivation,
removing said layer of UBM and said layer of passi-
vation over said semiconductor surface where no layer
of first photoresist 1s present, leaving a layer of remain-
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ing UBM and a layer of remaining passivation in place
in an area overlying said contact pad;

removing said patterned and etched first layer of photo-
resist from above the surface of said semiconductor
surface;

depositing a second layer of photoresist over the surface
of said semiconductor surface, including the surface of
said layer of remaining UBM;

patterning and etching said second layer of photoresist,
creating an opening 1n said second layer of photoresist
that 1s aligned with said contact pad, partially exposing
the surface of said layer of remaining UBM;

clectroplating the partially exposed surface of said layer
of remaining UBM with a layer of copper over which
a layer of nickel 1s electroplate, partially filling said
opening created in said second layer of photoresist;

filling said opening created in said second layer of pho-
toresist with a solder compound using methods of
solder print;

applying a solder flux or paste to the surface of said solder
compound;

removing said patterned and etched second layer of

photoresist from above said semiconductor surface;
and

reflowing the surface of said layer of solder or its alloys,

forming the solder bump.

2. The method of claim 1 wherein said layer of passivation
comprises PE S1;N, deposited to a thickness between about
200 and 800 Angstrom.

3. The method of claim 1 wherein said layer of passivation
1s selected from the group consisting of S10,, a photosen-
sitive polyimide, phosphorous doped silicon dioxide and
fitantum nitride, said layer of passivation i1s deposited to a
thickness between about 200 and 800 Angstrom.

4. The method of claim 1 wherein said layer of Under
Bump Metallurgy comprises a layer of chromium followed
by a layer of copper followed by a layer of gold.

5. The method of claim 1 with an additional step of curing,
said second layer of photoresist, said additional step to be
performed after said second layer of photoresist has been
deposited and before said second layer of photoresist is
patterned and etched.

6. The method of claim § wherein said curing said second
layer of photoresist 1s performed in a N, gas ambient, at a
temperature of between about 300 and 400 degrees C., for a
fime period between about 1.5 and 2.5 hours, and a pressure
of 760 Torr.

7. The method of claim 1 wherein said passivation layer
deposited over the surface of said semiconductor surface
comprises a plurality of passivation layers.

8. The method of claim 7 wheremn at least one of said
plurality of passivation layers 1s selected from the group
consisting of PE Si;N, and S10, and a photosensitive
polyimide and phosphorous doped silicon dioxide and tita-
nium nitride.

9. The method of claim 1 wherein said layer of Under
Bump Metallurgy comprises a plurality of sub-layers of
different metallic composition.

10. The method of claim 1 wherein said contact pad on
said semiconductor surface 1s electrically connected with a
semiconductor device with at least one conductive line of
interconnect or with at least one conductive contact point.

11. The method of claim 1 wherein said etching said layer
of UBM comprises sputter etching or wet etching.

12. The method of claim 1 wherein said semiconductor
surface 1s selected from a group of surfaces comprising
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semiconductor substrates, printed circuit boards, flex cir-
cuits or a metallized or glass substrate or semiconductor
device mounting support.

13. A method for forming a bump on a semiconductor
surface, a contact pad having been provided on said semi-
conductor surface, comprising;:

depositing one or more layers of passivation over said
semiconductor surface including the surface of said
contact pad, said one or more layers of passivation
comprising PE S1,N, deposited to a thickness between

about 200 and 2000 Angstrom;

patterning and etching said one or more layers of
passivation, creating an opening 1n said one or more
layers of passivation having a first diameter, partially
exposing the surface of said contact pad over a surface
arca of said first diameter;

performing an 1n-situ sputter clean of the exposed surface
of the contact pad;

blanket plating a layer of Under Bump Metallurgy (UBM)
over the surface of said layer of passivation, including,
said partially exposed surface of said contact pad, said
layer of UBM comprising one or more layers of dif-
ferent metallic composition, said one or more layers of
different metallic composition comprising at least one
barrier layer of titanium and at least one seed layer of
COppET;

depositing a first layer of photoresist over the semicon-
ductor surface of the layer of UBM;

patterning and etching said first layer of photoresist,
creating a first layer of photoresist that 1s aligned with
said contact pad, partially overlying and covering the
surface of said layer of UBM, said covered surface of
said layer of UBM being a surface area of said layer of
UBM said needs to be retained in order to form said
bump overlying said contact pad;

ctching said layer of UBM and said layer of passivation,
removing said layer of UBM and said layer of passi-
vation that 1s not covered by said patterned and etched
first layer of photoresist from above the surface of said
semiconductor surface, creating a retained layer of
UBM overlaying said contact pad;

removing said patterned and etched first layer of photo-
resist from the surface of said retained layer of UBM;

depositing a second layer of photoresist over the surface
of said semiconductor surface, including the surface of
said retained layer of UBM;

patterning and etching said second layer of photoresist,
creating an opening having a bottom in said second
layer of photoresist that aligns with said contact pad,
partially exposing the surface of said retained layer of

UBM,;

clectroplating a layer of copper over the bottom of said
opening created 1n said second layer of photoresist
followed by plating a layer of nickel over the surface of
said plated layer of copper;

solder printing a layer of solder material or its alloy over
the electroplated surface of nickel, filling said opening
created 1n said second layer of photoresist;

baking said layer of solder material or its alloy, solidifying
said layer of solder material or its alloy;

applying a flux to the surface of the layer of solder or its
alloy;

removing said patterned second layer of photoresist from
above the surface of said semiconductor surface; and
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reflowing said layer of solder or its alloys, forming the

solder bump.

14. The method of claim 13 with an additional step of
curing said second layer of photoresist, said additional step
to be performed after said second layer of photoresist has
been deposited and before said layer of photoresist 1s
patterned and etched, said curing of said second layer of
photoresist being performed mm a N, gas ambient, at a
temperature of between about 300 and 400 degrees C., for a
fime period between about 1.5 and 2.5 hours, and a pressure
of 760 Torr.

15. The method of claim 13 wherein at least one of said
one or more passivation layers 1s selected from the group
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consisting of PE S1;N,, S10,, a photosensitive polyimide,
phosphorous doped silicon dioxide and titanium nitride.

16. The method of claim 13 wherein said contact pad on
sald semiconductor surface 1s electrically connected with a
semiconductor device with at least one conductive line of
interconnect or with at least one conductive contact point.

17. The method of claim 13 wherein said semiconductor
surface 1s selected from a group of surfaces comprising
semiconductor substrates, printed circuit boards, flex cir-
cuits or a metallized or glass substrate or semiconductor
device mounting support.
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